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摘 要 
腺苷酸转移酶(adenine nucleotide translocase, ANT)，属于线粒体转运蛋白
超家族，是线粒体中最丰富的蛋白质之一，主要作用是介导 ADP/ATP 在细胞
质和线粒体基质之间的运输。伴侣素包含 T型复合体(the chaperonin containing 
tailless complex polypeptide α, CCTα)是几乎存在所有生物体中的一类分子伴侣，
负责细胞内蛋白的组装和折叠。内质网内的硬脂酰去饱和酶 (stearoyl-CoA 
desaturase, SCD)，是一类含铁离子的限速酶，主要催化硬脂酰辅酶 A(C18:0)和
软脂酰辅酶 A(C16:0)向油酸(C18:1)和棕榈油酸(C16:1)等单不饱和脂肪酸的转
化，并在 C9-C10 之间引入双键。为探讨这 3 个基因在拟穴青蟹 (Scylla 
paramamosain)低温胁迫中的作用，本文采用 RT-PCR、RACE等技术，首次从
拟穴青蟹中获得了 ANT2、CCTα、SCD 的 cDNA全长序列，并运用实时定量
PCR技术检测了三个基因，在不同组织和不同温度以及不同温度盐度联合条件
下的表达谱。主要结果如下： 
1) ANT2的研究结果： 
拟穴青蟹 ANT2序列全长 1348 bp，开放阅读框(ORF)为 930 bp，编码 309
个氨基酸残基。同源分析显示，该蛋白具有 3个保守的线粒体跨膜功能结构域；
实时定量 PCR结果表明，ANT2基因在成熟拟穴青蟹雌体的心脏组织中表达最
高，其次分别是鳃和肌肉组织。在 10 °C、15 °C、20 °C和 25 °C等 4个温度条
件下，第一期仔蟹 (C1)的 ANT2基因在 10 °C和 15 °C表达量显著低于 20 °C
和 25 °C，且 10 °C的表达量显著低于 15 °C；另外，随着温度降低，幼蟹 ANT2
基因总体上趋低表达。低温下 C1 仔蟹和幼蟹 ANT2 基因表达变化，提示该基
因与能量代谢功能相关，可能参与拟穴青蟹低温胁迫应答；相同低温(10 °C和
15 °C)下，幼蟹肌肉、肝胰腺、鳃三种组织中 ANT2基因在盐度 10的表达量通
常高于盐度 35，说明低温低盐条件下青蟹需要进一步提高体内代谢来应对环境
胁迫。  
2) CCTα的研究结果： 
拟穴青蟹 CCTα序列全长 1972 bp，开放阅读框(ORF)为 1668 bp，编码 555
个氨基酸残基。同源分析显示，该蛋白具有 4个保守的功能结构域；实时定量
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PCR结果表明 CCTα基因在拟穴青蟹肌肉组织中表达量最高，其次是鳃和肝胰
腺；幼蟹在 4个温度下，肌肉、肝胰腺、鳃中 CCTα基因表达量在 10 °C均显
著高于 15 °C、20 °C、25 °C；15 °C下的表达量显著高于 20 °C和 25 °C。这些
数据表明该基因可能参与青蟹细胞中蛋白修复和细胞骨架构建的过程，来应对
低温胁迫；在低温和盐度联合的实验中，相同低温(10 °C和 15 °C)下，三种组
织中 CCTα基因在盐度 35 的表达量通常低于盐度 10，说明低温下高盐环境对
青蟹损伤较小。 
3) SCD研究结果： 
拟穴青蟹 SCD序列全长 1356 bp，开放阅读框(ORF)为 1041 bp，编码 347
个氨基酸残基。同源分析显示，该蛋白具有 4个跨膜区域和三个组氨酸功能区
域；实时定量 PCR结果表明 SCD基因在拟穴青蟹所有检测组织中均有表达，
且在肝胰腺组织中表达量最高；在 4个温度下，C1期仔蟹 SCD基因表达量在
15 °C均显著高于 10 °C、20 °C、25 °C；20 °C和 25 °C二者之间差异不显著。
SCD 可能在增加不饱和脂肪酸进而增加细胞膜流动性中参与了拟穴青蟹低温
胁迫应答。 
综上所述，本研究发现拟穴青蟹存在 ANT2、CCTα、SCD 三个基因。这
三个基因在低温下的表达模式和三个基因各自发挥的功能显示它们可能与青
蟹的寒冷适应有关。研究结果可以为青蟹的健康养殖和耐寒机制研究提供理论
指导。 
关键词：拟穴青蟹；耐寒基因；分子克隆；实时定量 PCR；低温胁迫 
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Abstract 
Adenine nucleotide translocase (ANT), one of the most abundant inner 
membrane proteins of the mitochondrion, belongs to the superfamily of the 
mitochondrial carrier. It is responsible for the transport of ADP and ATP, in the 
cytoplasm and mitochondrial matrix through the inner mitochondrial membrane. 
Chaperonin containing the t-complex polypeptide-α (CCTα), a class of chaperonin 
omnipresent in all forms of life, is known to be involved in intracellular assembly 
and fold of proteins. Anchoring in the endoplasmic reticulum, stearoyl-CoA 
desaturase is an iron-containing and rate-limiting enzyme that introduces the first 
double bond between C9 and C10 position in stearoyl-CoA (18:0) and 
palmitoyl-CoA (16:0), which are then converted to the primary storage unsaturated 
fatty acids, oleoyl-CoA (18:1) and palmitoleoyl-CoA (16:1), respectively. To detect 
their roles under low temperature in the mud crab, Scylla paramamosain, ANT2, 
CCTα and SCD genes were firstly cloned by RT-PCR and RACE techniques, and 
their expression profiles in various under different tissues, temperatures and 
combined temperatures with salinities were analyzed by real time-PCR. The main 
results are offered as follows: 
1) Results of ANT2: 
The full length ANT2 cDNA was 1, 348 bp with 930 bp open reading frame 
(ORF) encoding 309 amino acids. Homologous analysis showed that the protein of 
ANT2 has three conservative functions in mitochondria membrane structure domain. 
The messenger ribonucleic acid level of ANT2 in various tissues of adult S. 
paramamosain was examined by real time RT-PCR, and the highest expression was 
observed in the heart, followed by gills and muscles. When the juveniles (C1) of S. 
paramamosain was incubated at different low temperatures (10 °C, 15 °C, 20 °C, 
25 °C), the expressions of ANT2 in 10 °C and 15 °C treatment were generally lower 
than those in 20 °C and 25 °C treatments. Meanwhile, the expression of ANT2 in 
10 °C treatment was significantly lower than that in 15 °C treatment. With the 
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declining temperature, the expression of ANT2 mRNA in juvenile crabs decreased 
generally. These expression patterns of ANT2 in C1 and juvenile crab under 
different temperatures demonstrated that it might be associated with energy 
metabolism, and participate in stress response at a certain range of low temperature. 
Under the same low temperature (10 °C and 15 °C), the expression of ANT2 (in 
hepatopancreas, muscles, gill) in the low salinity of 10 was significantly higher than 
that high salinity of 35, which suggested that low salinity might stimulate the 
expression of ANT2 for improving metabolism to cope with cold stress in mud crab.  
2) Results of CCTα: 
The full- length cDNA of CCTα was of 1972 bp with a 1668 bp ORF encoding a 
ploypeptide of 555 amino acids with 4 conserved motifs. The mRNA level of CCTα 
in 10 various tissues of adult S. paramamosain was subsequently examined and the 
highest expression was detected in muscle, followed by gills and hepatopancreas. 
When exposed to lower temperatures, the mRNA transcripts of CCTα gene were 
generally induced for significant higher expression when exposed to 10 °C than 
exposed to 25 °C, 20 °C and 15 °C in muscles, hepatopancreas, gill, examined while 
exposed to 15 °C also often led to significant higher expression than that of 20 °C 
and 25 °C. These suggested that the upregulation of CCTα in low temperatures 
which played in repairing protein and construction of cytoskeleton was highly 
connected with cold hardiness response of S. paramamosain. The results of 
challenging the sub-adult crabs with various combinations of low temperatures with 
different salinity conditions demonstrated that in general that under both low 
temperatures of 10 °C and 15 °C, the expression of CCTα under the high salinity of 
35 ‰ was significantly lower than that under the low salinity of 10 ‰, indicating 
the damages caused by low temperatures when under the higher salinity condition 
were at a lesser extent. These results implied that high salinity might help reduce the 
damages caused by low temperature in S. paramamosain. 
3) Results of SCD: 
The full length of SCD cDNA was 1356 bp, and an ORF of 1041 bp encoding a 
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